be reduced (Gosalvez et al., 2006) even during long journeys (Brown et al., 1999a) .
The effect of climatic conditions during pigs transport has also been studied, although with conflicting results. Some authors found that cold and heat stress may have a negative effect on meat quality (O'Neill et al., 2003; Guardia et al., 2004 Guardia et al., , 2005 dalla Costa et al., 2006) , and that high temperatures increase mortality during transport (Smith and Allen, 1976; Abbott et al., 1995; Vecerek et al., 2006) , although other researchers did not find the highest mortalities during the hottest months (Palacio et al., 1996; Gosalvez et al., 2006) , with a higher proportion of skin bruises being reported in winter (dalla Costa et al., 2006) . Nevertheless, to our knowledge, little or no information exists about the effect of seasonal transportation on the blood parameters of slaughter pigs.
Additionally, a genetic predisposition may aggravate the negative impact of transport, since it is well documented that halothane gene carrier pigs are more responsive to a stressful situation such as transportation (Rundgren et al., 1990; Geers et al., 1994) , with their welfare and meat quality being impaired (Gispert et al., 2000; Fabrega et al., 2002 Fabrega et al., , 2004 Perez et al., 2002) . This negative effect not only has been reported for homozygous positive (nn) pigs, but also for Nn individuals compared with non carrier (NN) pigs (Murray and Johnson, 1998) .
Therefore, the aim of this study was to analyse the influence of commercial transport conditions on the stress serum parameters of pigs transported to slaughter during different seasons.
MATERIAL AND METHODS

Animals and transport procedures
This field study was carried out following the guidelines of the Council Directive 86/609/EEC, concerning the protection of animals used for scientific research, as well as the European law on animal transportation (Council Regulation 1/2005/EC).
One hundred and sixty-two crossbred pigs (82 females and 80 males), with a live weight of about 98 kg, were randomly chosen among 1 392 pigs transported in seven commercial journeys (five in summer, n = 106 pigs; two in winter, n = 56 pigs). Pigs came from different single-site units (all-in, all-out management system), but were subjected to similar rearing conditions throughout the growingfattening period, including a 12 h food deprivation before the journey. Pigs were transported to the slaughterhouse by specialized companies according to similar handling and transport practices, using authorized triple-decker vehicles with natural ventilation, drinking nipples and showers, and with average loading density being slightly more reduced in summer than in winter (210 kg/m 2 and 220 kg/m 2 , respectively). Each journey was performed transporting pigs from one farm to the slaughterhouse, not mixing animals from different farms, but mixing groups from the same farm both during transport and lairage. Distances were either short (about 70 km) or long (about 900 km), with average durations of 1 h (n = 73 pigs) and 13 h 15 min (n = 89 pigs), respectively. After unloading, pigs were kept in lairage pens, being immediately showered and having free access to drinking water. Lairage time was about 6 h, being the same for short and long transportations, after which pigs were killed according to normal commercial practices.
Samples collection and measurements
For each of the studied pigs one blood sample (baseline sample) was collected via the jugular vein 6 h prior to loading. Sampled pigs were identified for subsequent blood sampling, and were randomly loaded to any of the lorry pens. A second sample was taken immediately after unloading, which was obtained from only 64 pigs since the slaughterhouse wanted to minimize any additional stress that could affect meat quality. A third blood sample was taken at exsanguination. Blood was collected in 10 ml evacuated tubes (BD Vacutainer Systems), was allowed to clot at room temperature, and was centrifuged for 10 min at 75 g. Serum was frozen at -20°C until analysis.
A hair root sample was also obtained from all the studied pigs for the determination of their genotype for the RYR1 gene (halothane gene). PCR amplification and digestion with restriction enzymes were performed as described by Fujii et al. (1991; HAL-1843, Innovations Foundation) . Unfortunately, in 11 cases it was not possible to extract and amplify the DNA of the hair root.
Temperature and relative humidity at loading and unloading were recorded for each transportation. A commercial RIA kit was used for the determination of the serum concentration of cortisol (Diasorin Inc.) using a 1470 Wizard Automatic Gamma Counter (PerkinElmer Life and Analytical Sciences, Inc.). The detection limit was 0.21 µg/dl according to the manufacturer, and intra and inter assay CV were 5.3% and 7.8%, respectively. Glucose, creatine phosphokinase (CPK), lactate dehydrogenase (LDH), albumin and total protein serum concentrations were measured using spectrophotometric procedures in commercially available kits with a Roche/Hitachi Modular D-P automated chemistry analyser (Roche Diagnostics Division).
Statistical analysis
The data (cortisol, glucose, CPK, LDH, albumin and total proteins serum concentration) at loading, unloading and exsanguination were analysed. Additionally, with the aim to minimize any individual effect on the variables, overall (exsanguination -loading), unloading (unloading -loading) and lairage (exsanguination -loading) differences were also calculated and analysed. Normality was tested for all variables. A mixed model was used, including sex (female vs. male), duration of transport (1 h vs. 13 h 15 min) and season (summer vs. winter) as the main fixed factors, as well as their two-way interactions. Lorry trip (n = 7) was also included in the model as a random effect to take into account the relationship between individual measurements from the same transport. In the analysis of the overall, unloading, and lairage variations, the initial value of the interval was included as a covariable for each animal. The same model was used to study the effect of the halothane gene (homozygous negative [NN] vs. heterozygous [Nn] ), and its interactions with the aforementioned main fixed factors. Data from nn individuals were removed from the analysis since their frequency was only 4.6%.
The MIXED procedure of SAS software (SAS Inst.) was used, and the effect of the main factors and two-way interactions were studied (F-test, P < 0.05). As the number of comparisons was reduced, probability values were not adjusted. Least-square means (lsmeans) were computed for all main and two-way interactive effects, and separated statistically using pairwise t-tests when a significant (P < 0.05) F-test was observed.
RESULTS
Mean temperatures and relative humidities during all journeys were 26.1°C and 39% in summer, and 9.3°C and 61% in winter.
Since our model was unbalanced, lsmeans are provided in all tables to avoid biassed values. With respect to the initial values, males showed higher baseline cortisol levels (Table 1) , while albumin and protein levels were higher in the case of females. In addition cortisol (P < 0.001) and protein (P < 0.01) levels were higher in summer, while glucose and CPK showed higher levels in winter (P < 0.001).
Overall mean values at loading, unloading and exsanguination are shown in Table 2 . Levels increased during the journey and decreased during the lairage for all variables (P < 0.001), with cortisol levels being 3.47 ± 0.19 µg/dl at loading, 8.52 ± 0.28 µg/dl *P < 0.05; **P < 0.01; ***P < 0.001; ns: non significant at unloading, and 6.96 ± 0.18 µg/dl at exsanguination. On the other hand, serum glucose remained constant during the journey (0.54 ± 0.03 g/l at loading, and 0.44 ± 0.04 g/l at unloading) but increased during the lairage (0.86 ± 0.03 g/l; P < 0.001).
The increase in cortisol observed between loading and exsanguination (Table 3 ) was higher in short journeys (4.71 ± 0.31 vs. 3.59 ± 0.29 µg/dl; P < 0.01). This increase was already noticeable at unloading, and cortisol levels during lairage remained practically constant in those pigs transported for 1 h, while they decreased in those transported for 13 h 15 min (P < 0.01). The increase in serum glucose between loading and slaughter was higher in short transportations (0.54 ± 0.06 vs. 0.17 ± 0.05 g/l; P < 0.001). Glycaemia remained almost constant in short journeys, but decreased in long ones. Subsequently, serum glucose during lairage increased in all cases, although more noticeably in pigs transported in the short journeys. CPK and LDH increased during the journey and decreased during lairage, but were not affected by transport duration. Total proteins and albumin levels increased at slaughter with respect to loading, especially in long transportations (P < 0.001), and mainly occurring during lairage (0.51 ± 1.46 vs 6.87 ± 1.29 g/l for total proteins).
The influence of season is shown in Table 4 . Cortisol levels increased between loading and slaughter mainly in winter transportations (4.79 ± 0.34 vs. 3.52 ± 0.27 µg/dl; P < 0.01), subsequently decreasing during lairage. Serum glucose showed no significant differences in the variation between loading and exsanguination, although it decreased between unloading and loading in summer journeys (P < 0.001). CPK (P < 0.001) and LDH (P < 0.01) levels between loading and slaughter increased more markedly in winter (4 545 ± 401 vs. 2 587 ± 324 IU/l for CPK levels), since lairage levels decreased especially in summer. Although albumin and total proteins showed no seasonal differences between loading and exsanguination, albumin increased between loading and unloading, particularly in summer (0.55 ± 0.31 vs. 1.74 ± .033 g/l; P < 0.01). Table 5 shows the significant effects of the interaction between season and duration, as well as season and gender, on the loading-slaughter serum variations. LDH levels increased in all cases, especially in short transportations performed in winter, but with less intensity in males transported in summer (P < 0.05). Furthermore, albumin and total proteins also increased in all cases, but particularly in long transportations performed in winter.
Significant interactions during the journey (unloading -loading) and lairage (exsanguination -unloading) are shown in Table 6 . Journeys caused an increase in cortisol levels, with the lowest intensity corresponding to males transported in summer. Glucose always decreased, except for short winter journeys. During lairage, CPK (P < 0.01) and LDH (P < 0.05) recovery was more accentuated in summer, particularly in short journeys and in males. Albumin and total proteins increased during lairage, especially in animals transported long distances in winter.
The halothane gene (Table 7) only affected glucose levels before transport (P < 0.05). Significant interactions between halothane gene and duration, and halothane gene and season on the exsanguination -loading variation are shown in Table 8 . The response of pigs to journey duration and season was more pronounced in the case of Nn than in NN individuals. *P < 0.05; **P < 0.01; ***P < 0.001; ns = non sgnificant *P < 0.05; **P < 0.01; ***P < 0.001; ns = non sgnificant
DISCUSSION
Gender and seasonal effects were observed on the baseline levels, although values (Table 1) may generally be considered as normal for this species and physiological state (Hicks et al., 1998) , with glucose levels being lower than those reported by Warriss et al. (1998) possibly due to fasting previous to transport. Furthermore, these authors affirmed that CPK values up to 1 100 IU/l could be considered as normal, although they admitted that levels may be much higher. within a row, means without a common superscript differ significantly *P < 0.05; **P < 0.01; ***P < 0.001 Table 6 . Significant effect of the interaction between season and journey duration, and season and sex, on the individual unloading -loading variation, and between season and journey durarion, and season and sex, on the individual exsanguination -unloading variation of serum parameters of transported pigs (lsmeans ± standard error) CPK = creatine phosphokinase; LDH = lactate dehydrogenase 1 for each pig, individual variation was calculated as the final value minus the initial value of the interval 2 sample size is provided between brackets a,b,c within a row, means without a common superscript differ significantly *P < 0.05; **P < 0.01; ***P < 0.001
It is known that transport modifies animals physiology (Broom, 2000) , and that lairage helps to recover from this previous stress (Brown et al., 1999a) . Serum variables generally followed this expected variation (Table 2) , with the highest values being found immediately after transport, and decreasing at the end of lairage.
Variations in serum parameters (Table 3 and 4) were similar to those reported in other studies carried out with similar pigs (Brown et al., 1999a; Perez et al., 2002) . Variations of cortisol, despite possible diurnal variations, and glucose (Table 3) suggest that short journeys did not permit a total recovery from the initial stress caused by loading, which is known to have a negative impact on the welfare of animals (Broom, 2000) independently from the loading method used (Brown et al., 2005) . Furthermore, Bradshaw et al. (1996) found a raise in cortisol levels 30 min after loading, and a gradual decrease after 4.5 h of transportation, and Apple et al. (2005) found that cortisol levels matched up with an increase in plasmatic glucose. These assertions would justify our results, so that, in the case of short transportations, initial stress caused by sample size is provided between brackets *P < 0.05; **P < 0.01; ***P < 0.001; ns = non sgnificant LDH = lactate dehydrogenase 1 for each pig, individual variation was calculated as the final value minus the initial value of the interval 2 sample size is provided between brackets a,b,c within a row, means without a common superscript differ significantly *P < 0.05; **P < 0.01; ***P < 0.001 loading was aggravated by unloading and mixing of pigs during lairage. Additionally, initial cortisol and glucose values could not be recovered during lairage, what would explain the dramatic increase in glucose levels at exsanguination with respect to those at loading and unloading observed in short journeys ( Table 2 ). The increase of glycaemia has been attributed to an energy demand caused by the handling and the movement of the animals (Becker et al., 1989) , although the increase in cortisol and glucose levels were only found in those pigs with a submissive behaviour (Hicks et al., 1998) . The evolution of albumin and total proteins (Table 3 ) might indicate some dehydration although, surprisingly, it became more apparent during the lairage of pigs transported the longest distances. It has been described that pigs drink little water during the journey (Lambooy et al., 1985) , and that actual water usage during lairage might be related to pigs playing during the initial exploration period (Brown et al., 1999b) . In our case pigs remained 6 h in lairage on average, time sufficient for a total recovery from transport stress (Warriss et al., 1992) . Taking into consideration the findings of these authors, and although no behavioural observations were made in the present study, it might have been possible that water consumption during transport was reduced, what would account for the increase in albumin and total protein levels. Moreover, our results would indicate a recovery from the physical stress caused by the journey, thus decreasing CPK and LDH levels during lairage. Brown et al. (1999a) did not find any differences in albumin and protein levels caused by transport, but described a similar CPK activity.
Season had an effect on the stress during transportation (Table 4) . As an overall estimation, it might be affirmed that stress from loading to slaughter was lower in summer, agreeing with other Spanish studies related to mortality, carcass characteristics (Gosalvez et al., 2006) , and meat quality (Guardia et al., 2005) , but disagreeing with Vecerek et al. (2006) , what might be due to climatic differences between the regions where studies were carried out. Cortisol variation might indicate that winter transportations were slightly more stressful, with lairage recovery being poorer than in summer. Other studies performed in Spanish conditions also found higher cortisol levels in winter (Gispert et al., 2000) , which was attributed to the fact that Spanish livestock hauliers adapt to summer conditions, increasing night transportations, reducing loading densities or showering pigs. Our results agree with these authors, as well as with those of Baldwin and Stephens (1973) , who found higher cortisol levels in cold climatic conditions related to the energy demand to maintain body temperature. Furthermore, winter increase in cortisol levels was accompanied by a higher muscular effort, agreeing with Gispert et al. (2000) although, in our case, the strong individual variability in CPK and LDH made differences not significant. Nonetheless, muscular recovery during lairage in our study was more reduced in those pigs transported in winter, suggesting that the detrimental effect of transport, in this season, would extend to the lairage period. The higher increase in albumin levels found in summer transportations would indicate a certain degree of dehydration during this season.
An additive effect between season and the rest of factors was observed in the loading-slaughter serum variations (Table 5) highlighting, in winter conditions, the negative impact of short transports on the muscular activity of pigs. Independently from season, the higher stress reactivity in the case of females would agree with other authors (Van der Wal et al., 1999; Perez et al., 2002) . A seasonal effect on the dehydration levels was observed, with long winter journeys being the most detrimental for pigs and mainly appearing during lairage (Table 6 ). The evolution of cortisol and glucose levels during the journey, and the evolution of CPK and LDH during lairage, would confirm the effect of transport on females stress reactivity.
No differences between the two studied genotypes existed before loading (Table 7) , except for the serum glucose levels observed in Nn pigs. Table 8 suggests an additive effect between genetics and journey duration, and between genetics and season, reflecting differences in the stress response of Nn individuals with respect to NN individuals, the latter having a more uniform response. These results would agree with those of Fabrega et al. (2002) but would disagree with Gispert et al. (2000) . On the other hand, variations in albumin and total protein levels would suggest that NN pigs experienced higher dehydration levels.
CONCLUSIONS
Transports generally increased the stress of slaughter pigs, subsequently decreasing during lairage. Nevertheless, the effect was largely modified by the studied factors. Short and winter transports were more stressful, with lairage recovery being poorer than in long and summer ones. Transports also caused some dehydration, increasing during lairage especially in those pigs transported for long distances. A higher stress reactivity was detected in females. Genetics modulated the influence of the rest of factors, with Nn individuals having a rougher reaction to short and winter transports, although they became less dehydrated. Therefore, it might concluded that an adaptation of slaughter transports to seasonal differences appears essential in order to minimize the stress of transport and its negative consequences on the welfare of slaughter pigs. Moreover, an improvement in stress resistance could be obtained by controlling the halothane gene of pigs. Nevertheless, new studies would be necessary.
